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CHAPTER 1 
Introduction 
Listeria are Gram-positive rod-shaped bacteria and ubiquitous in the environment. They 
are remarkably tolerant to harsh environmental conditions such as temperature changes, 
detergents, high salt concentrations, extreme pHs, and resistance to freezing and drying [1] [2]. 
Listeria are able to survive in many food manufacturing processes [3] due to their psychrotrophic 
nature, meaning being able to propagate at the refrigeration temperature.  A variety of foods such 
as smoked seafood, raw and cooked meats, dairy products such as milk, ice cream and soft 
cheeses, ready to eat (RTE) meats, raw vegetables and fruits have been associated with the 
disease transmission of foodborne listeriosis [4, 5]. It is also worth to mention that cross 
contamination can occur at any time during food handling, food processing and post processing.  
Listeria are composed of eight species, including Listeria grayi, Listeria innocua, 
Listeria ivanovii, Listeria monocytogenes, Listeria seeligeri, Listeria welshimeri, and two 
recently-identified species, Listeria marthii [6] and Listeria rocourtiae [7].  The common 
Listeria isolated from food are L. innocua, L. monocytogenes, L. seeligeri, and L. welshimeri [8-
10], among which L. monocytogenes is the only human pathogenic species. Listeriosis, the 
disease caused by Listeria infection, is among the leading causes of death from foodborne 
illness.  L. monocytogenes causes an estimated of 1,591 cases and 255 deaths in the United States 
annually, with mortality rates ranging from 20 to 30% in foodborne outbreaks. L. monocytogenes 
invades human intestinal cells and survives and proliferates inside phagocytic vacuoles and 
nonphagocytic cells, such as epithelial cells, hepatocytes, and endothelial cells [11, 12]. For 
healthy individuals, Listeria may cause mild symptoms or have no effect at all.   Gastrointestinal, 
flu like symptoms, fever, muscle ache, nausea, vomiting and diarrhea are common signs of 
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infections [13]. At great risk to acquire listeriosis through contaminated foods are individuals 
with suppressed or immunocompromised health [14]. Those are patients with cancer, transplant, 
human immunodeficiency virus (HIV), the elderly, infants, and pregnant women [15].  For such 
individuals, symptoms can be more severe and include septicemia, meningitis, pneumonia, 
stillbirth, miscarriage, and death  [13]. 
Another relevant public health concern is the emergence of multiresistant strains of 
Listeria.  L. monocytogenes in particular, and other Listeria spp. in general, have been closely 
inspected for antimicrobial resistance since multiresistant strain was first documented in France 
in 1988 [16]. Antibiotics are commonly used in human and veterinary medicine to treat and 
prevent diseases.  Antibiotics are also used as growth promoters in food-producing animals [17]. 
The excessive use of antibiotics can promote the development of resistance and the resistant 
populations may spread in host-animals [18].  Importantly, antimicrobial resistance in animals 
can be transferred to humans, and this represents a major threat to human life [19]. It is 
important, therefore, to promote the judicious use of antibiotics in humans and food-producing 
animals [20], as well as to promote surveillance studies of the development of resistance in 
animal products [21]. 
Listeria strains with resistance to one or more antibiotics have been recovered from food, 
environment, and from sporadic cases of human listeriosis [9] [22].  Considering the high 
mortality rate of listeriosis (20 to 30%), it is important to ensure the effectiveness of 
antimicrobials for listeriosis and monitor the emergence of antimicrobial-resistant Listeria 
strains. The antimicrobials used to treat human listeriosis are ampicillin with gentamicin or 
penicillin alone [23]. The second choice of treatment is sulfamethoxazole/trimethoprim. 
Erythromycin, gentamicin, and vancomycin are also alternatives when patients are allergic to the 
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penicillin antimicrobials or the physical condition of patients does not allow the common 
antimicrobial treatment [24, 25]. Although Listeria is usually susceptible to many antimicrobials 
of clinical importance, antimicrobial-resistant Listeria does occur, both in clinical settings and 
along the food chain [9, 22]. Additionally, inter-species variation in antimicrobial susceptibilities 
has been reported in Listeria. Antimicrobial resistance was observed in 0.6% of L. 
monocytogenes compared to 19.5% of L. innocua from retail foods [8]. Davis and Jackson [22] 
reported all six L. welshimeri and all four L. innocua isolates resistant to penicillin, whereas none 
of 90 L. monocytogenes resistant to this antimicrobial. Another study examining Listeria of 
multiple origins found that L. grayi had higher resistance prevalence against trimethoprim and 
sulfamethoxazole/trimethoprim than other Listeria species [26]. Although L. grayi is distantly 
related to the other Listeria species [10], these findings may still be a reflection of species-
dependent antimicrobial susceptibilities in Listeria. Since most resistance phenotypes in Listeria 
appear as a result of horizontal transfer of resistance genes [21, 23, 27, 28], the genetic exchange 
among different species may facilitate the emergence of antimicrobial-resistant strains that have 
potential to cause human diseases. This is especially of concern when multiple Listeria species 
exist in the same environmental niches. 
L. monocytogenes includes 13 serotypes, three of which (1/2a, 1/2b, and 4b) have been 
associated with the vast majority of foodborne infections. The overrepresentation of L. 
monocytogenes serotype 1/2a in food isolates has been speculated to be associated with their 
higher resistance prevalence than other serotypes to food sanitizers and phage in food processing 
environment [29-31]. However, studies comparing antimicrobial resistance among L. 
monocytogenes serotypes are still limited and they may provide more insight into antimicrobial 
selection on the prevalence of different serotypes in both agricultural and clinical environments.     
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CHAPTER 2 
Objectives of this Study 
The present study aimed at understanding the distribution of Listeria species and L. 
monocytogenes serotypes in retail meat as it related to their antimicrobial susceptibilities. The 
data will add to our knowledge of the extent of antimicrobial resistance reservoir in foodborne 
Listeria and also the contribution of antimicrobial resistance to the occurrence of different 
Listeria in the environment.  
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CHAPTER 3 
Materials and Methods 
2.1. Sample description and bacterial isolation 
A total of 243 raw meat samples, including 133 beef, 65 chicken and 45 turkey samples, 
collected in local grocery stores in the metro Detroit area were examined for Listeria 
contamination. FDA Bacteriological Analytical Manual protocols [32] were followed with 
modifications for Listeria isolation. Twenty-five grams of each sample was aseptically 
transferred into stomacher bags containing 225 ml of buffered Listeria enrichment broth (BLEB, 
Difco, Detroit, MI) and homogenized for 2 minutes. Fifty milliliters of the homogenized sample 
were incubated at 30°C for 4 hours for pre-enrichment, followed by an addition of selective 
agents, acriflavin (10 mg/L) and nalidixic acid (40 mg/L) and incubation for 48 hours at 30°C.  
Enriched broth was spread on PALCAM agar (Difco, Detroit, MI) at 24 h and 48 h of selective 
enrichment. Plates were incubated at 35°C for 24 h. Potential Listeria was streaked on Rapid 
L’mono differentiation agar (Bio-Rad Laboratories, Hercules, CA) for species identification, 
followed by PCR confirmation of Listeria [33].  
 
2.2. Antimicrobial susceptibility testing 
Antimicrobial susceptibility testing of Listeria was performed by the disc diffusion 
method as recommended by the Clinical Laboratory Standards Institute [34]. The following 
antimicrobials were tested: ampicillin, chloramphenicol, ciprofloxacin, erythromycin, 
gentamicin, penicillin, sulfamethoxazole/trimethoprim, tetracycline, and vancomycin (BD, 
Franklin Lakes, NJ). Diameters of growth inhibition zones were measured and interpreted 
according to the breakpoints recommended by CLSI. The only resistance breakpoints available 
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for Listeria are those for ampicillin and penicillin. For antimicrobials that currently have no 
interpretive criteria, resistance breakpoints for staphylococci and enterococci were applied. 
Staphylococcus aureus ATCC 25923 and L. monocytogenes ATCC 19115 were used as quality 
control microorganisms. 
 
2.3. DNA extraction by boiling method 
Bacterial strains of L. monocytogenes were recovered from -80ºC and after thawed and 
streaked on BHI and incubated at 37ºC overnight were used for DNA extraction.  Bacterial 
culture was collected and resuspended in 500 µl of deionized water, vortexed, and placed on 
thermocycler for 10 min. at 100ºC.  The samples were centrifuged at 14,000rpm/min. for 5 min. 
and the tubes were gently removed from the centrifuge.  The supernatant was transferred to 
microcentrifuge tubes and labeled.  Samples were then stored at -20ºC for further use.  A 2 µl of 
supernatant was used for PCR reaction. 
 
2.4. L. monocytogenes species and serotype identification 
PCR was performed to identify L. monocytogenes species, serotypes 1/2a, 1/2b, and 4b, 
as previously described [33, 35]. Genomic DNA was extracted by the boiling method as 
discussed above, from L. monocytogenes. Primer sequences are: L. monocytogenes species, (F) 
TGTCCAGTTCCATTTTTAACT, (R) TTGTTGTTCTGCTGTACGA; serotype 1/2a, (F) 
GAGTAATTATGGCGCAACATC, (R) CCAATCGCGTGAATATCGG; serotype 1/2b, (F) 
AAAGTGAGTTCTTACGAGATTT, (R) AATTAGGAAATCGACCTTCT; and serotype 4b, 
(F) AGTGGACAATTGATTGGTGAA, (R) CATCCATCCCTTACTTTGGAC. DNA amplicons 
were separated on a 1.5% agarose gel stained with ethidium bromide and visualized under UV. 
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2.5. Pulsed-field Gel Electrophoresis (PFGE) 
PFGE was carried out following the standardized PulseNet protocol for L. 
monocytogenes [36]. Briefly, genomic DNA was prepared by mixing 240 µl of standardized cell 
suspension and 60 µl of 10 mg/ml lysozyme solution (Sigma, St. Louis, MO), followed by 
incubation at 37°C for 10 min.  Sample plugs were digested with 25 U of AscI (New England 
BioLabs, Ipswich, MA) at 37°C for 3 h.  Plugs were then loaded on 1.2% Megabase agarose gel 
(Bio-Rad, Hercules, CA) in 0.5× Tris-Borate EDTA buffer (TBE, EMD Chemicals, Billerica, 
MA) at 14°C and electrophoresed on a CHEF-DR III apparatus (Bio-Rad Laboratories) using the 
following parameters: initial switch time, 4s; final switch time, 40 s; run time, 22 h; angle, 120°; 
gradient, 6 V/cm; temperature, 14 °C; ramping factor: linear. The PFGE patterns were analyzed 
using the BioNumerics software (version 6.5; Applied Maths, Austin, TX).  The TIFF images 
were normalized by aligning the peaks of the size standard strain (L. monocytogenes H2446), 
which was loaded in at least two lanes on each gel. Clustering was performed by using the Dice 
similarity coefficient and the unweighed pair group method with arithmetic means (UPGMA), 
with 1.5% of position tolerance and 1% optimization. 
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CHAPTER 4 
RESULTS 
Seventy-four meat samples (30.4%) were contaminated with Listeria species, including 
45 beef (33.8%), 19 chicken (29.2%), and 10 turkey samples (22.2%) (Table 1). Overall, L. 
welshimeri was the most prevalent species and identified in 35 samples (14.4%), followed by 26 
samples contaminated with L. monocytogens (10.7%) and 22 carrying L. innocua (9%). Nine 
samples, including two beef, four chicken, and three turkey products, were contaminated with 
two Listeria species, one being L. monocytogenes and the other L. innocua or L. welshimeri. 
Species ranking differed among meat categories. L. welshimeri was recovered the most from 
chicken, whereas no marked difference in ranking was observed in beef and turkey (Table 1). 
A total of 138 Listeria isolates, consisted of 58 L. welshimeri, 44 L. monocytogenes, and 
36 L. innocua, were examined by antimicrobial susceptibility testing against nine antimicrobials, 
including those used to treat human listeriosis. Although most isolates were antimicrobial 
susceptible, resistance phenotypes were detected to eight antimicrobials, except for 
chloramphenicol, giving an overall resistance prevalence of 23.2% (32 of 138) (Table 2). Species 
variation in antimicrobial susceptibilities was observed. L. innocua demonstrated the highest 
overall resistance prevalence, being 36.1% (13 of 36), followed by a close second of 34.1% (15 
of 44) in L. monocytogenes, and 6.9% (4 of 58) in L. welshimeri. The same species ranking was 
recorded in numbers of antimicrobial resistance phenotypes identified. Resistance to five 
antimicrobials was seen in L. innocua, including ampicillin, ciprofloxacin, penicillin, 
tetracycline, and vancomycin. L. monocytogenes were resistant to four antimicrobials, including 
erythromycin, gentamicin, sulfamethoxazole/trimethoprim, and/or tetracycline. L. welshimeri 
was resistant to ciprofloxacin, gentamicin, and/or vancomycin.  
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Tetracycline resistance was the most common resistance phenotype and identified in 13 
L. monocytogenes and nine L. innocua. Vancomycin resistance was identified in one L. innocua 
and two L. welshimeri. Two each of L. innocua and L. welshimeri were resistant to ciprofloxacin. 
Resistance to ampicillin, erythromycin, penicillin, and sulfamethoxazole/trimethoprim was 
identified in four individual isolates. Of 32 antimicrobial-resistant Listeria, 29 were resistant to 
only one antimicrobial. Three isolates, one each of the three species, demonstrated resistance to 
two antimicrobials. They were one L. innocua resistant to ampicillin and vancomycin, one L. 
monocytogenes resistant to gentamicin and tetracycline, and one L. welshimeri resistant to 
ciprofloxacin and vancomycin. No multidrug-resistant isolates were recovered. 
Forty-four L. monocytogenes isolates from 26 meat samples were further analyzed by 
serotype identification by PCR and DNA fingerprinting by PFGE. The isolates consisted of 32 L. 
monocytogenes from beef, seven from turkey, and five from chicken. Serotypes 1/2a, 1/2b, and 
4b were identified in 19, 23, and one isolates, respectively (Figure 1). One remaining isolate 
from turkey was untypeable by the PCR scheme applied. Of 44 L. monocytogenes, 15 (34%) 
demonstrated resistance to at least one antimicrobial and included two of 1/2a, 12 of 1/2b, and 
one of serotype untypeable. Tetracycline resistance was the most common resistance phenotype 
in L. monocytogenes and identified in 13 isolates (Figure 1), among which 11 were 1/2b and two 
were 1/2a. The remaining two antimicrobial-resistant L. monocytogenes isolates were one of 1/2b 
resistant to sulfamethoxazole/trimethoprim and one serotype untypeable isolate resistant to 
erythromycin. In addition to tetracycline resistance, one 1/2b isolate (ID 24-2) was also resistant 
to gentamicin and intermediately resistant to vancomycin. Intermediate resistance was also 
observed in the vast majority of L. monocytogenes isolates to penicillin and half the isolates to 
ciprofloxacin. The only 4b isolate was susceptible to all antimicrobials tested. 
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PFGE identified 40 unique DNA patterns in 44 L. monocytogenes. Although most 
isolates from same meat samples were unique, indistinguishable clones were also recovered, 
such as isolates 4-2 and 4-4, 24-1 and 24-2, and 26-1 and 26-2 (Figure 1).  Isolates 4-2 and 4-4 
showed distinct antimicrobial susceptibility profiles in spite of identical PFGE patterns, and so 
did isolates 24-1 and 24-2. Meanwhile, indistinguishable PFGE patterns were also identified 
from different meat samples, such as isolates 3-1 and 5-1 from beef samples that were collected 
two months apart from the same store. Although most 1/2a isolates were clustered on the top of 
the dendrogram and 1/2b mainly in the middle, some 1/2a and 1/2b isolates did cluster together. 
Of particular note, there was only one band difference between isolates 14-1 (1/2b) from turkey 
and 15-1 (1/2a) from beef.   
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CHAPTER 5 
Discussion 
The present study demonstrated retail meat as a reservoir of common Listeria species, 
including L. welshimeri, L. monocytogenes, and L. innocua. Recovery of 32 Listeria resistant to 
ampicillin, penicillin, gentamicin, and sulfamethoxazole/trimethoprim suggests resistance to 
antimicrobials of human clinical importance is not uncommon in Listeria. The observation of 
inter-species variation in antimicrobial susceptibilities and co-existence of more than one 
Listeria species in the same meat samples raises concerns on antimicrobial resistance transfer in 
Listeria as this may contribute to the emergence of new antimicrobial-resistant L. monocytogenes 
clones considering that all nine multi-species-carrying samples had L. monocytogenes.   
L. monocytogenes and L. innocua have been the most prevalent Listeria species in food 
and food processing environments [10, 37]. Although they were also seen in high prevalence in 
this study, L. welshimeri outnumbered both species, which was mainly due to its high recovery in 
chicken. In a similar study, L. welshimeri predominated in ready-to-eat meat and fish in Canada 
[38], suggesting possible food variations in Listeria contamination. 
Tetracycline resistance is still a common resistance phenotype in Listeria as reported in 
several studies [8, 21, 39]. This was also evidenced in the current study and may be an indication 
of extensive tetracycline use in meat production. Identification of ciprofloxacin resistance in 
Listeria was not surprising as nalidixic acid has been commonly used as a selective agent in 
 Listeria isolation and may have selected ciprofloxacin resistance in some isolates. 
Vancomycin is one of the last resources for many Gram-positive bacteria infections and can be 
used to treat primary Listeria bacteremia [40]. Although no clinical infections due to 
vancomycin-resistant Listeria have been reported, resistant strains of Listeria have been isolated 
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from food products. Researchers in Europe have reported vancomycin resistance in L. 
monocytogenes in fish [41] and L. innocua in retail food [8]. Together with our findings of 
vancomycin resistance in two L. welshimeri and one L. innocua, the data may suggest an 
important reservoir of vancomycin resistance in Listeria of environmental origin. Previous 
studies also showed that vanA was able to transfer via conjugation from Enterococcus faecium to 
multiple Listeria species, including L. monocytogenes [23, 42]. Failure to identify the resistance 
genes in our study (data not shown) does not exclude the possibility that the vancomycin 
resistance phenotype in L. welshimeri and L. innocua could also transfer to the human 
pathogenic L. monocytogenes. Erythromycin can be used to treat listeriosis during pregnancy 
[40] and erythromycin resistance has been found to be conjugatively transferable within Listeria 
genus and from Listeria to Enterococcus [38]. Further characterization of antimicrobial 
resistance mechanisms in Listeria will add more insights into the extent to which food reservoir 
of antimicrobial resistance contributes to the emergence and dissemination of antimicrobial-
resistant Listeria with potential to cause human disease.   
In spite of the highest contamination rate of L. welshimeri in meat, among 58 isolates 
analyzed by antimicrobial susceptibility testing, only four were antimicrobial resistant, 
demonstrating much lower resistance prevalence than L. innocua and L. monoctyogenes. This 
contrasts with the findings by Davis and Jackson who reported that antimicrobial resistance was 
more common in L. welshimeri than that in the other two species [22]. They also identified 
higher resistance prevalence in L. welshimeri and L. innocua to penicillin and clindamycin than 
L. monocytogenes. However, due to the limited number of L. welshimeri isolates in that study 
(six L. welshimeri, four L. innocua, and 90 L. monocytogenes), a species by species comparison 
of the two studies could not be made, although in both studies L. innocua appeared to be a 
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common reservoir of antimicrobial resistance. Similarly, Walsh et al. [8] reported 19.5% of L. 
innocua versus 0.6% of L. monocytogenes were antimicrobial resistant and no resistance 
phenotypes were observed in L. seeligeri or L. welshimeri. Higher tetracycline resistance 
prevalence was also reported in L. innocua than other species [39, 43, 44]. Altogether, these data 
suggest that interspecies variation may exist in antimicrobial susceptibilities in Listeria. 
However, questions remain as to whether L. innocua is a larger reservoir of antimicrobial 
resistance than other Listeria species because there was no marked difference between L. 
innocua and L. monocytogenes in terms of prevalence of either tetracycline resistance or the 
overall antimicrobial resistance in our study. Regardless, the fact that all nine samples 
contaminated with more than one Listeria species in this study carried L. monocytogenes raises 
public health concern as co-existence of multiple species on same food samples increases the 
cell-to-cell contact and thus facilitates resistance gene transfer to the pathogenic species, such as 
L. monocytogenes.  
Variation in sensitivity to food sanitizing agents has been reported in L. monocytogenes 
serotypes. Serotypes 1/2a and 1/2b demonstrated higher resistance prevalence to benzalkonium 
chloride than serotype 4b isolated from the turkey processing plants [31]. The same group also 
found serotypes 1/2a and 1/2b to be more resistant than serotype 4b to broad-host-range phages 
isolated from the plants [29]. A French study also identified low sensitivity to quaternary 
ammonium compounds in seven L. monocytogenes serotypes 1/2a and 1/2c from food products 
and environmental samples in the food industry, in comparison to all 37 serogroup 4 isolates 
being sensitive [30]. The data suggest a possible variation in the susceptibility of L. 
monocytogenes serotypes to food sanitizers and phages, which may explain the different 
prevalence of serotypes in the food processing environment. Although there are limited studies 
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comparing antimicrobial susceptibility profiles among L. monocytogenes serotypes, it is not 
unexpected to see the predominance of serotype 1/2b in the antimicrobial-resistant L. 
monocytogenes, and in fact, 12 of 15 tetracycline-resistant L. monocytogenes were serotype 1/2b. 
However, due to the low number of 4b isolates, the serotype responsible for the most clinical 
cases, we were unable to attribute the different recovery of these serotypes in food isolates to 
their antimicrobial susceptibilities. Further research involving larger numbers of isolates of major 
serotypes of public health importance will be necessary to understand the contribution of 
antimicrobial selection to the prevalence of different serotypes of L. monocytogenes in the 
environment as well as in human infections.  
The PFGE data suggest an overall diverse population of L. monocytogenes. Identification 
of indistinguishable clones in different meat samples from the same store suggests clonal 
persistence of L. monocytogenes. Because serotypes 1/2a and 1/2b belong to different 
epidemiological lineages [45], it was not surprising to see separate clusters of 1/2a and 1/2b on 
the dendrogram. However, the one-band difference between 14-1 and 15-1 from each of these 
two serotypes suggests some relatedness between the serotypes and that they may have evolved 
from a common ancestor and be able to survive on multiple food vehicles. PFGE patterns may 
not be a reflection of antimicrobial resistance phenotypes because many antimicrobial resistance 
genes are carried on plasmids that cannot be typed by PFGE, which is evidenced by 
indistinguishable PFGE patterns (4-2 and 4-4, 24-1 and 24-2) with different antimicrobial 
susceptibility profiles. The recovery of these two pairs of isolates from the same beef samples 
also raises concern of potential gene transfer and emergence of new resistant clones.  
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CHAPTER 6 
Conclusion 
It is estimated that approximately 2500 cases of clinical human listeriosis occur every 
year in the United States, including 500 deaths [45].  The incidence of human listeriosis cases 
reported range from 0.2 to 0.8 sporadic cases/100,000 people a year in the United States and 
Europe [11, 12].  The high mortality rate of listeriosis cases had led governments and food safety 
agencies worldwide to take serious measurements to reduce the occurrence of L. monocytogenes 
in the food production chain.  In spite of the fact that the United States, for example, had adopted 
the so called “Zero-tolerance” for Listeria monocytogenes in RTE foods, [45] outbreaks are still 
constantly occurring, having on average 2.2 outbreaks per year , from 1998-2008, being reported 
to CDC [46]. 
The information obtained in this study shows that Listeria species are prevalent (30.5%) 
in retail meat and resistance to antimicrobials of human clinical importance is common (23.2%). 
Antimicrobial resistance reservoir in non-L. monocytogenes species should not be ignored due to 
the potential of antimicrobial resistance gene transfer among bacteria, especially those co-
existing on the same food products. Standardization of antimicrobial susceptibility testing 
protocol for Listeria and recommendation of interpretive breakpoints by CLSI will be needed to 
facilitate comparison of studies and monitor antimicrobial-resistant Listeria in the environment.  
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Figure 1 
 
Figure	  1	  -­‐	  Dendrogram	  of	  PFGE	  profiles	  based	  on	  Asc	  I	  digestion	  of	  L.	  
monocytogenes	  isolates	  from	  retail	  meat.	  
 
 
 
 
 
 1 
Percentage similarity   PFGE patterns                  Antimicrobials a          ID   Genus      Species    Serotype   Source 
a black, antimicrobial resistant; grey, intermediately resistant; white, susceptible 
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Table  1:   Contamination of Listeria species in retail meat samples 
 
 
 
 
 
 
 
 
 
 
 
 
Meat 
category 
No. of 
samples 
No. of Listeria+ 
samples (%) 
No. of Listeria+ samples 
L. innocua L. monocytogenes L. welshimeri 
Beef 133 45 (33.8) 12 18 17 
Chicken 65 19 (29.2) 5 4 14 
Turkey 45 10 (22.2) 5 4 4 
Total 243 74 (30.4) 22 26 35 
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Table  2:    Distribution of antimicrobial-resistant Listeria species in this study 
 
 
 
 
 
 
Antimicrobials 
No. of antimicrobial-resistant Listeria (%) 
L. monocytogenes 
(n = 44) 
L. innocua 
(n=36) 
L. welshimeri 
(n=58) 
Total 
(n=138) 
Ampicillin 0 (0) 1 (2.8) 0 (0) 1 (0.7) 
Chloramphenicol 0 (0) 0 (0) 0 (0) 0 (0) 
Ciprofloxacin 0 (0) 2 (5.6) 2 (3.4) 4 (2.9) 
Erythromycin 1 (2.1) 0 (0) 0 (0) 1 (0.7) 
Gentamicin 1 (2.1) 0 (0) 1 (1.7) 2 (1.4) 
Penicillin 0 (0) 1 (2.8) 0 (0) 1 (0.7) 
Sulfamethoxazole-
trimethoprim 
1 (2.1) 0 (0) 0 (0) 1 (0.7) 
Tetracycline 13 (27.1) 9 (25.0) 0 (0) 22 (15.9) 
Vancomycin 0 (0) 1 (2.8) 2 (3.4) 3 (2.2) 
Total 15 (34.1) 13 (36.1) 4 (6.9) 32 (23.2) 
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A total of 138 Listeria isolates, including 58 Listeria welshimeri, 44 Listeria 
monocytogenes, and 36 Listeria innocua, from retail meat were characterized by antimicrobial 
susceptibility tests against nine antimicrobials. In addition, the 44 L. monocytogenes were 
analyzed by serotype identification using PCR and genotyping using pulsed-filed gel 
electrophoresis (PFGE). Resistance to one or two antimicrobials was observed in 32 Listeria 
(23.2%). No multidrug resistance was identified. Tetracycline resistance was the most common 
resistance phenotype and identified in 22 Listeria isolates. Low prevalence of resistance to 
ciprofloxacin, erythromycin, gentamicin, and vancomycin was also detected. L. innocua 
demonstrated the highest overall prevalence of antimicrobial resistance, being 36.1%, followed 
by 34.1% in L. monocytogenes, and 6.9% in L. welshimeri. Serotypes 1/2a, 1/2b, and 4b were 
identified in 19, 23, and one L. monocytogenes, respectively. One isolate was untypeable. Fifteen 
L. monocytogenes were antimicrobial resistant (12 of 1/2b, 2 of 1/2a, and 1 of serotype 
untypeable). A diverse population of L. monocytogenes was identified as evidenced by multiple 
PFGE patterns in the 44 isolates. The data indicate that Listeria contamination is common in 
25 
 
 
retail meat. Although antimicrobial resistance still occurs at low prevalence, multiple Listeria 
species can serve as reservoir of antimicrobial resistance. Variation of antimicrobial 
susceptibilities in L. monocytogenes serotypes may exist.    
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